We study the magnetocaloric effect for the integrable antiferromagnetic high-spin chain. We present an exact computation of the Grüneisen parameter, which is closely related to the magnetocaloric effect, for the quantum spin-s chain on the thermodynamical limit by means of Bethe ansatz techniques and the quantum transfer matrix approach. We have also calculated the entropy S and the isentropes in the (H, T ) plane. We have been able to identify the quantum critical points H 
present an exact computation of the Grüneisen parameter, which is closely related to the magnetocaloric effect, for the quantum spin-s chain on the thermodynamical limit by means of Bethe ansatz techniques and the quantum transfer matrix approach. We have also calculated the entropy S and the isentropes in the (H, T ) plane. We have been able to identify the quantum critical points H Many different families of magnetic materials ranging from ferromagnetic, ferrimagnetic to antiferromagnetic systems have been shown to present large or unusual magnetocaloric effect 3 . In particular, the magnetocaloric effect has been measured in (quasi) one-dimensional materials which behave as quantum spin-1/2 chains 4 and high-spin chains 5 .
Moreover the existence of the magnetocaloric effect in one-dimensional systems has been studied theoretically 9, 11 . The Grüneisen parameter for a magnetic systems can be written
where C H is the specific heat at a constant magnetic field and ∂M ∂T H is the temperature variation of the magnetization M . This parameter Γ H has a characteristic sign change close to the quantum critical point, which is due to the accumulation of entropy at the critical point 9 .
The integrable spin-s generalization of the Heisen- for the magnetocaloric effect and the isentropes in the (H, T ) plane. Our conclusions are given in section IV.
II. HAMILTONIAN AND INTEGRAL

EQUATIONS
The Hamiltonian of the integrable spin-s generalization of the Heisenberg model for s = 1/2, 1 and 3/2 are
given by
where L is the number of sites and
One can write a closed formula for the Hamiltonian assuming a generic spin-s value a follow,
where
the digamma function and J is the exchange constant. From now on we assume J = 1. Note that we have also added a Zeeman term on the Hamiltonian (5).
The free-energy of the system per lattice site calculated at the thermodynamic limit (L → ∞) is given by
where f 0 = ψ(2s
The auxiliary functions b(x),b(x) and its simply related functions B(x) = b(x) + 1 andB(x) =b(x) + 1 are solution of the following set of non-linear integral equations
The kernel matrix is given explicitly by
which is a matrix of dimension (2s + 1) × (2s + 1) with F (x) = as follow,
These new auxiliary functions are solution of the following system of linear integral equations
To obtain the entropy in the (H, T ) plane, one has to solve the above equations (8) and (11) varying the temperature and the magnetic field.
The specific heat C H = T
can be obtained from (10),
which is given in terms of the solution of following linear integral equations
In order to obtain the Grüneisen parameter we have also to determine the
∂M ∂T H
. Therefore we have firstly to calculate the magnetization M = − ∂f ∂H T from (7),
which is written in terms of the auxiliary function 
The derivative of the magnetization with respect to temperature for constant magnetic field
can be finally obtained from (14), which
III. GRÜNEISEN PARAMETER AND ENTROPY
In this section we will present the results for the Grüneisen parameter, which is closely related to the magnetocaloric effect. We will also show the results for the entropy and the isentropes in the (H, T ) plane. 
IV. CONCLUSION
In this paper we have studied the magnetocaloric effect for the integrable spin-s chain. We have calculated the Grüneisen parameter, which is proportional to the magnetocaloric effect, as a function of the external magnetic field on the thermodynamic limit and at finite temperatures. We have also obtained entropy and the isentropes in the (H, T ) plane.
The quantum critical point H We hope that our exact results could be useful for understanding experimental results for quasi onedimensional systems, e.g 5 . We also expect that our results could be further extended to the case of alternating spin-(S 1 , S 2 ) chain 18 .
